Variants capable of growth at pH 7.0 were obtained from 174 alkalophilic strains (optimum pH 9.7) of the genus Bacillus by successive transfer on media with decreasing pH values. Nearly half of the pH 7.0 variants were like strains of the B.firmus-B. lentus complex. The remaining pH 7.0 variants grew at 50 "C and were assigned to two groups closely related to B. lentus.
I N T R O D U C T I O N
During a taxonomic study of the genus Bacillus, begun in 1936, continued until 1952 and then pursued sporadically until the present, 1625 strains were assembled in the collection of the late Dr N. R. Smith, U.S. Department of Agriculture (NRS Collection). In addition, strains from many investigators were received for identification, and a small percentage of these were kept, either for further study or because they belonged to species poorly represented in the NRS Collection. From 1936 to 1962, this collection acquired merely twelve strains of B.Jirmus, five of B. lentus and eight designated B.firmus-B. lentus intermediates. In 1962, these 25 strains were augmented by six of B. firmus, three of B. lentus and eight intermediates that were isolated from sea water or a salt marsh (Turner & Jervis, 1968; Gordon et al., 1977) . At the same time, two ATCC strains of B.firmus and two of B. lentus were acquired. Although these ATCC strains were replicates of NRS strains, they had been maintained under different conditions for a long time. For this reason they were treated as separate strains.
In 1970, we received for taxonomic examination a collection of alkalophilic strains of Bacillus species that had been isolated mainly from soil, dung and water and grew optimally at pH 9.7 (Aunstrup et al., 1972) . Since some of the physiological tests for the identification of Bacillus species could not be performed at this high pH value (Gordon, 1981) , the alkalophilic strains could not be compared with the descriptions of recognized species. By successive transfer on media with decreasing pH values, variants of the alkalophilic strains were obtained that would grow on media at pH 7.0 and could, therefore, be compared with known strains. Among the first 105 variants examined, there were 27 (26%) that resembled the 20 strains of B.firmus in our collection.
In the following report, pH 7.0 variants of all the 162 alkalophilic strains received in 1970 and of 12 alkalophilic strains from other culture collections are described and compared with strains of the B.Jirmus-B. lentus complex.
M E T H O D S
Strains. The strain numbers and sources of the alkalophilic isolates of Aunstrup et al. (1972) are listed in Table  1 . Twelve alkalophilic reference strains are presented in Table 2 together with their history and the species name Development of p H 7-0 variants. At intervals of 5 to 10 d, the alkalophilic cultures were grown successively on soil extract agar (Gordon et at., 1973) at pH 9-0, pH 8-5, pH 8.0, pH 7-5 and pH 7 -0 [media at the higher pH values were prepared by the addition of a sterile solution of 1 M-sodium sesquicarbonate to the autoclaved media (Aunstrup et al., 1972) l. The resulting cultures were transferred monthly on soil extract agar (pH 7.0) for 6 months or more before they were examined for their microscopic appearance and physiological reactions. In a few instances, growth and viability were enhanced by the addition of 3 96 (w/v) NaCl to the soil extract agar.
Properties examined, The media and methods described by Gordon et al. (1973 Gordon et al. ( , 1977 were used in this study, with the following modifications.
Sporulation. If a culture on soil extract agar did not sporulate after 3 d to 7 d incubation, it was grown on soil extract agar with 3% (w/v) NaCl and/or on soil extract yeast agar and re-examined. Soil extract yeast agar, a modification of the medium of Gounot (1967), contained: Difco yeast extract, 1 g; dibasic potassium phosphate, 0.2 g; agar, 15 g; soil extract, 1000 ml (pH 7.0). The soil extract was prepared by autoclaving 500 g of air-dried, sifted garden soil with 500 ml of tap water in a 2 1 flask for 30 min, with the same precautions as used in preparing soil extract agar (Gordon et al., 1973) . The cooled supernatant was carefully decanted, filtered through paper and made up to 500 ml with tap water.
Temperature of incubation. Unless stated otherwise, strains whose maximum temperature for growth was 45 O C or higher were incubated at 37 "C; other strains were incubated at 28 "C.
Anaerobic growth. Because BBL dehydrated anaerobic agar without glucose or E , indicator (Gordon et al., 1973) was no longer available, BBL thioglycollate fluid medium (without glucose or E , indicator) with 1.5 % (w/v) agar was substituted. If a culture, inoculated from one in nutrient broth, failed to grow aerobically on this medium, the test was repeated with an inoculum of a culture grown in nutrient broth containing 3 % (w/v) NaCl. pH 7.0 variants of alkalophilic bacilli 1 1 1 1 Maximum temperature for growth. Slants of soil extract agar with and without 3 % (w/v) NaCl were used for determining growth at the various temperatures. Growth on one or both of the agars was recorded as positive.
Acid production from carbohydrates. In addition to nutrient agar with 3% (w/v) NaCl and 0.008% (w/v) phenol red, basal ammonium phosphate agar with 3 % (w/v) NaCl and 0.0008 % (w/v) bromocresol purple [20 ml of a 0.04 % (w/v) solution per litre] served as a base for each carbohydrate. Because some cultures formed enough alkali from organic nitrogen in nutrient agar to neutralize the acid from some of the carbohydrates, cultures on the nutrient agar substrate were observed at 1, 2, 3, 5, 7, 10, 14, 21 and 28 d. Cultures on the ammonium phosphate substrate were observed at 7, 14,21 and 28 d. Acid production from a carbohydrate in one or both of the substrate agars during incubation was recorded as positive.
Sensitivity to bacteriophage. If a culture failed to grow on the plates of nutrient agar used for demonstrating lysis by the bacteriophage for B.$rmus ATCC 14575, the test was repeated on soil extract agar. All plates were incubated at 28 OC and observed at 1,2 and 3 d.
Formation of urease. The substrate broth was adjusted to pH 6.5 before sterilization. All cultures were incubated at 28 OC and examined at 7 and 14 d for an alkaline colour in the tubes containing urea relative to the control tubes.
Deamination of phenylalanine. Cultures on phenylalanine agar were tested for phenylpyruvic acid (Gordon et al., 1973) after 14 and 21 d incubation.
R E S U L T S
Lyophilized cultures of the alkalophilic isolates received for this study (Table 1) were revived in nutrient broth, pH 9.7, and grown on soil extract agar, pH 9 -0 to 9.7. With three exceptions (strains C 351, 364, 378), the cultures were Gram-positive; all but eight (BB 36; C 351, 358, 360, 372, 374, 383, 413) were motile; and all but 11 (BB 45; BC 3, 7; C 371, 400; SB 14a, 14b, 16; TB 17; VB 3,5) sporulated.
Examination of the variants of these 162 alkalophilic isolates and of the 12 alkalophilic reference strains, all of which grew and were maintained for five to eight years on media at pH 7.0, resulted in their assignment to the B. yfirmus-B. lentus complex (Tables 3 and 4) . Re-examination of the 46 reference strains of this complex (Gordon et al., 1977) by the modified tests used in this study placed two strains (NRS 1569 and 1573) of the 18 previously designated as B. jirmus-B. lentus intermediates within B. lentus, and the spectrum-like arrangement of the remaining 16 intermediate strains was similar to that reported previously (Gordon et al., 1977) .
Among the pH 7 . 0 variants of 174 alkalophilic strains, B. yfirmus was represented by 47 (27%), including ATCC 21592, 21593 and 21596 (Tables 3 and 4 ). The microscopic appearance of these variants was more uniform than that of the other groups of variants. The rods were 0 . 7 to 0 -9 pn in width, and those of 37 of the cultures appeared singly, in pairs or in short chains. Their appearance is compared with that of strains of B.jirmus and B. lentus in Fig. 1 (a-d) . Cultures of the remaining 10 variants also contained long chains and filaments like those illustrated in Fig. 1 ( e , f ) , and three of the 10 had many shadow, or poorly stained forms. Sporulation was not observed in 1 1 strains (BC 2, 8; C 387, 400; PB 20, 38(1); SB 14a, 14b, 16; VB 3, 5). Cultures of the remaining 36 strains formed central, subterminal or terminal ellipsoidal spores, which swelled the sporangia slightly if at all (Fig. 1) .
Of the pH 7 -0 variants, 17 were assigned as intermediates between B.Jirmus and B. lentus on the basis of their formation of acid from seven carbohydrates and by their sensitivity to bacteriophage for the type strain of B.firmus (Table 5) t Positive properties of all strains were: formation of catalase, hydrolysis of starch and growth at 35 "C.
Negative properties were: production of acetoin and dihydroxyacetone, anaerobic growth, egg-yolk reaction, growth in Sabouraud dextrose broth and agar and resistance to lysozyme. 1, 2, 8; C 324, 326, 338, 340, 342, 343, 346 to 350, 352, 353, 355, 379a, 387, 395, 399 to 402, 404; PB 20, 33, 35, 38 (1), 39; SB 14a, 14b, 16,37; VB 1 to 3,5,6, 11; ATCC 21592, 21593,21596 17 BB 16; BC 3, 4, 7, 10; C 325, 373, 403, 413; PB 9, 19, 38(2) C 301,302,304,311,323,334 to 337,339,341,368,369,392; PB 25; SB 5 ; ATCC 21595 BB 3,7,23,30; C 300,303, 312 to 314, 360,365,372, 374; SB-32; TB 13; VB 7; ATCC 21522 BB 1, 10, 16(1), 17 to 19,21,25,31, 34 to 37,41,43,49; BC 6,9, 11 to 17; C 351,354,356 to 358,364,366,367,370,371,375 to 378, 380a, 382b, 383 to 386, 388 to 390, 393, 394, 396 to 398, 410 to 412; PB 16, 17, 40,41; TB 2,4, 6, 9 to 12, 14 to 19; ATCC 27557 ; NRRL B-388 1 The 110 pH 7.0 variants representing B. lentus were divided into three groups by growth at 50 OC, sensitivity to bacteriophage and reduction of nitrate to nitrite (Table 3) . Of the three groups, the 18 strains of Group 1 were most like the reference strains of B. lentus. SB, sensitive to bacteriophage for B. firmus ATCC 14575; C, decomposition of casein; G, decomposition of gelatin; U, production of urease; N, reduction of nitrate to nitrite; P, deamination of phenylalanine; H, hydrolysis of hippurate; 50 OC, growth at 50 OC.
B.fifirmus-B. lentus
Morphologically their rods varied from 0-6 to 0-9 pm in width, and those of half the cultures appeared singly, in pairs and in short chains ( Fig. 1 c) ; the other cultures grew in long chains and filaments. Four of these pH 7.0 variants (BB 45; C 323, 337, 369) did not produce spores, and the central and subterminal ellipsoidal spores of the remaining 14 cultures did not swell the sporangia appreciably. Group 2 B. lentus strains could be distinguished from those of Group 1 by their growth at 50 OC and reduction of nitrate to nitrite ( Table 3 ). The rods of these 17 strains were 0.7 to 1.0 prn wide, and eight of the cultures also produced long chains and filaments ( Fig. 1 e, f) .
All but one strain (C 365) formed spores that were ellipsoidal, central or subterminal and did not noticeably swell the sporangia.
The cellular morphology of Group 3 strains was similar to that of the Group 2 strains but the cultures grew at 50 OC and were sensitive to the bacteriophage. Nine of these pH 7 -0 variants (BB 37, 41, 43; BC 15, 17; C 412; TB 11, 12, 19) did not produce spores. The ellipsoidal, central and subterminal spores of 15 % of the cultures of the remaining strains did not swell the sporangia while spores of the other 8 5 % of the cultures swelled the sporangia slightly, but the free spores were no wider than the rods.
The specificity of the bacteriophage used in this study for strains of the B.Jirrnus-B. lentus complex was examined by testing representative strains of a number of species. In addition to the sensitivity or resistance of the 220 strains recorded in Table 3 ,402 strains representing B. subtilis, B. pumilus, B . licheniformis and ten other species were resistant to the bacteriophage. p H 7.0 variants of alkalophilic bacilli
